TANGENTIAL SENSITIVITY OF TUNNEL DIODE VIDEO DETECTORS CJ
William F, Gabriel ;‘3

NASA, Goddard Space Flight Center, Greenbelt, Maryland 3 o
o oz f

ABSTRACT }/(& L ,33‘/ g 5

. Q

B Tunng}fdiodes can be utilized as super-sensitive video ae=: - ... .

tectors when biased in their negative resistance region such

that they amplify the RF signal to be detected. Tangential

sensitivities on the order of ~-70 dbm at a 10.mc video bandwidth

are readily obtained at C-band. Such sensitivity makes this de-

tector competitive with superheterodyne receivers which réqgire

a local oscillator, mixer, and IF amplifier. An approximate

equation has been derived for calculating the tangential sensi-
tivity of tunnel diode video detectors on the basis of their
equivalent circuit constants and the voltage-current charac-

teristic. Calculated performance curves of tangential sensi-

tivity vs. RF bandwidth are compafed against measured data for

the case of a single~tuned RF passband shape. The conditions
covered include RF load variation, temperature variation, and
frequency variatioq. For a given iangenﬁial sensitivity, the
banéwidth will depend upon the type of passband response that‘is

designed into the RF input circuit, and a comparison is shown

between the single-tuned response and a double-tuned response

#LNP/()‘/ |

detector.
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SUMMARY

- An approximate expression may be derived for calculating the tan- !
- , _1,2,3
gential sensitivity of tunnel dicde video detectors ’~’", utilizing
their equivalent circuit constants and the static V-I characteristics.

Referring to Fig. 1, the voltage v, across the diode junction may be

approximated by the expression,
E . '
Ve 23 [? - (Rg + Ry + JVL{] . (1)

where Z is the usual series circuit impedance,

2z = Rg+Rs+ Ry + j wL-—————--‘ R?(WCR“) . (2)
1 + (WCRy)2 1 + (WCRy)?2

Referring to Fig. 2, the non-linear segment of the curve between Vp

and the operating bias point, V;, may be approximated by a square-lawA

relationship,
w-vy2 '
T-I)= P if Vp <V <V, (3)
P 2R; V, | :

where Ry is the resistance of the diode (dv/dI) at the bias point,

and Vo = Vb -'Vp. From equations (1) and (3), ome can shdv that the

rectified cﬁrrent, I,., is approximated by the expression,

Law -V . Ra_|Eg|? @)
4v, Ry wo 147 1 + werp)
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The tangential sensitivity condition occurs when the rectified current
exceeds the rms video noise current by a factay of about 2.8, or

roughly 9 db, If we insert this condition and convert Eg into available

incident RF power, P,, thep we find that P, is equal to,

P n 14 In vgg[;d-‘r (chd)i_'l ld? o, )

where the video noise current, I,, may be app:oximated3 hy

4KTB,

v

:[u2 a 2eIpBy + (6)

a = 1.6-10'19 coulombs
7 Ib = dc bias current in amperes
By = video noise bandwidth
R; = video circuit resistance
4KT = 1.6'10'20 watts per cycle.
Thus,'equ§tion (5) permits the calculation of tangential sensitivity
for any diode whose equjvalent ¢ircuit constants are knowg.
When~¢ompating the tangential sensitivities of various diodes orx

detector mounts, the mosf practical variable to use is the RF bandwidth

of the detecgar, BRecayse of this, it is desirable to make performance

graphs of tangential appsifivity vs. RF bandwidth. Equation (5) can be

used for this purpose as ;;-atapds, but it becomes much more convenient
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to use after being manipulated for particular bandpass shapes. If we
manipulate (5) for the case of a single-tuned bandpass shape, then we

can obtain the following expressions for RF bandwidth and tangential

sensitivity at resonance:

L-n..,(ﬁ___)[no) - o

Athll‘Inu ’*D)l:l +c) ] : | (8)'

where @ = .E

8 .
and «f = (Rd/R ) = Rd/Rs

NG

'Here, the variable ¢ represents the RF loading normalized to the series

loss resistance Rs; and the variable'q% represents the RF negative resis-
tance of the diode, also normalized to Rj. Notec .t «f, takes the sign of
Ry and is therefore negative, and thatef approaches unity as the resonant

frequency f, approaches the resistive cut-off frequency f.,,

R

al -1 (9

ncnd)

Several graphs have been calculated from these expressions for a particular

diode, the MS1012, for which R; = -370 ohms, R, = 5.4 ohms, C = 0.5 Pg,

v, = 0.03 volts, I, = 0.250 ma, R, = 230 ohms, and By = 10 mc.

e e




Figure 3 shows a comparison of the calculated and measured tan-
gential sensitivity under the condition of variable RF loading
.(variable g), at‘a single-resonance frequency of 5.9 Ge. It will be
noted that the two curves are quite similar in shape, but that a 5 db
discrepancy exists between calculated and measured P, values.

Figure 4 shows a comparison of the calculated and measured curves
under the condition of temperature variation. For the calculated curve
it was assumed that R, drifts at the rate of 0.4 percent per degree
centigrade. It will be noted that the température drift is considerable
when the detector is adjusted for narrow baﬁdvidths, so that -one must
employ either temperature regulation or temperature compensation tech-
niques if high-sensitivity operation is desired.

Figure 5 is a comprehensive detection graph on which are drawn two
families of curves. The solid-line curves are for constant frequencf
(f/fro) and variable RF loading (0), and they demonstrate the desira-
bility of operating well below f_ . Detection sensitivity falls off
very rapidly at narrow bandwidths when fro is exceeded. The dashed-
line curves are for constant g and variablg frequency, and they demon-
strate the desirability of operating at a high value of Rg. Detection
sensitivity suffers when Rg becomes sighificantiy smaller than Rg

because the loss of power in R; increases as Rg decreases.



“5-

The single-tuned bandpass shape performance exemplified in
Figures 3, 4, and 5 results in the least amount of bandwidth for
a given tangential sensitivity., It is possible to increase this
bandwidth by applying elementary filter design principles in the RF
input circuit so as to realize a wore optimum bandpass shape. For
instance, Figure 6 iliustrates the improvement that was obtained

by utilizing a double-tuned bandpass characteristic.
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FIGURES 5

Equivalent circuit of tunnel-diode detector referenced to
the diode junction.

Voltage-Current characteristic

Comparison of calculated and measured performance for
single-tuned MS1012 diode with RF loading varied.
Frequency 5.9 Gc.

Comparison of calculated and measured performance for
single-tuned MS1012 diode with temperature varied.
Frequency 5.5 Gc. :

Comprehensive calculated detection performance for the
single-tuned MS1012 diode.

Comparison of measured performance for the MS1202 diode
for two passband shapes, a single-tuned and a double-tuned.



. . n @ouB}sTsOd pa&onﬂo JY¥ juaTeaiunbs r‘wm
. oocmpoSwnﬁ,pa=on«o Iy pnmﬁm>«aum,: 1

OPOTP JO 60UE4SY83I BOTIOS

!
L
~

]
o -

] - SN epotp Jo eouejyjoedso uwoyjjoun(

Y

(Ir/Ap) ‘eoueisisax uwojqoun( JeaUTIUOU

1
.58
™

)

o
7
T Y

| #Anbiy

[ i e e e e e A 4

S - . . o : L
. R (" ! ; 1




B nm uwmnAHWQz no«,oapmduoocmnwnm jusIIng-o8e3 oA

A e9e3T04 . A

Ry 4

—

b |

“_ |
S
! I H
! I o
] _ e
__ | ot
| _ -

o
T A Y A | Qr




NUY ™ TETIRYY e IVETEEVERL y

05- &&= 09- g9~ 0L~ , S~ 08-. S8~ 06-

T
o

L o
-pe

[ . T 1 W S | [T DR, TR | 1
1 Tt L L LN ML)

ot
-
-
-
-
L o
-t
—le
n
s

R R
-

. \ 02

. . \\ o s
. ¥ o . , . A .
o/ . | o ;
\ \ ] :
7 \ or
N
PO = \nvqc D - - 0S
S \ i} .ow
i N \q .... \ . .
7 7 g KRNI e aa 0L =
4 , - _ . ™
O . 08
' y 7 \ : om W
\\ - —s . — 00l &
- e - | s
. AN - : : N pd
B poroINDIDD | o gl
o \\ o , o : S L ' 5
9P ) R . 8
> OONW
o \ - -w .
P . a
- 7 S L : . c o 4
S - 00€
2y - 99 6'G=} .
mv~ T — ) o[poia ZIOISW ooy
/ / , 006

S / M I _. oo

\ i i 00L

/ . . | 008

VAR . : _ 006

/ — . 000!



WwaQa ul Kiansuag joljuabuol

[} 1 1 omcl. ] 1 1 mo.l I 1 [} 1 owl- I 1 1 mm.l ON-ID mNul- [} owhc
._._.........."““m"""""""".“”“..““"“;.“““
pa;join2jiod
210NN :

\\ //\\oNN | \.,oNN

N4 A /
/ 4
0j0Q \\\ : .
painsoapy .
© 2I0ISW B |
R
4 T
7 .
W < P2}0In2[09
<001 ¢ .00l 202ISW

| ,\\.Nm. IR

Fy BAmery ~ —




-

S : WE8Qag u} Ajlalsuag jojueouoy, - ., S
G- 06— GG~ 09- : G9- i

ps
N

L

T

P
e

E N

e

—t

-

. e
-

o

i b—rt—t
. \..

1o°r -
/
/7
/7
Z
7
501 T T—<
’'d 7
. \\\ : \\\
/ /] 4
b 7
7/ \.\ pi
R 7 /

s\ 7/ p\ \\
\\\m. \\ .\\ \om
| 0/

\a\\ /7 / \.\\o
\noO \\A \ \nvo
¢ / 7 1 49

; \ P " 7 7 74 — . v — . .
4 d/\\ \.\\ \\\ 1. \ . il . . 29502=%
/ \\./ / \\\ \\ ‘ * D JUDJSUOY f —~m e e = E.mumumm

\\ .\\ y : N.\\\ oﬁ\* juo}suo? . ON._\nWMcM

\\ \ - : c.no_c 2IOISN

T o A e ,
m g 2476/ | 2 110106 09’ , ! ]




T
L L
} HITHE L
Hriyg : i +
TG TEEEE R T HE
- _ﬁ - ~4-{- } 11t~ - I
: 0 i ) INEARRARE )
i mv_.,.%, TR .Wm_, AT i
FreQEEE TR e L
t : . TS I
,iw,a,:,um“l M i ,,wf.%..,.
T s i
! w Omtﬂ]_ o - ﬁ .._..yl I U N 00 DS % ¢”(ﬁ
R R ASK R RRA R
SR ER Rl IR AR il RIS ARS
. ~ [ : ,nu i
- RRREY Tk
]

— -

uble
]

Si

g

%

>
T
a_i
|
i
7
i}
1
i—r

BSE VS T

e g

o

i

: TTARER EARRY RARAN |
NANES L *1;1_ N H
N b X L

T S N L

s
SV S T

O

i
S

—4
i
S

B A

o U

§.Y. )

!

3
Yipl o PURT Ay

3 ININYATY
v'EA NIV

D19°L6S€E

SNOISIAIQ O X 831240 ¢
‘O HISED 9 Viadanan

DIHHRUUYDOPINISG

Lo

1




